Introduction
Since the launching of Sputnik by the USSR in the 1950s, the United States has realized the need for increased scientific knowledge at all educational levels to supply well trained scientists and engineers for research and industry+
The nation also needs a scientifically literate public that can function in a technological workplace and will support technological progress.
Need to Enhance Science Education
While science education has made some progress, there is much yet to be done to meet the national goals of well trained scientists and a technologically literate public. This need has been described in many reports, including the Lax Report [1] , Nation at Risk [2] , Science for All Americans [3] , and the National Science Foundation (NSF) report A National Computing Environment for Academ"c Research [4] .
Furthermore, the need to enhance science education has been well documented, and strategies have been identified, most recently in an NSF study on the role of high-performance computing in science education [5, 6 ].
Abundance of Existing Expertise
This country's universities and national laboratories have a wealth of scientific and technological expertise and many resources that can be brought to bear to enhance science education.
These technical resources, combined with the expertise and interest of the education and business communities, can be brought together to create a cooperative educational environment that provides more effective science education.
Our approach is to capitalize on existing technology and business resources, the hunger for knowledge among teachers and students, the traditional role of nonselective extra-curricular activities in high schools as a motivator for additional academic studies, the model of competitive 1992 ACM 0-89791 -468-619210002/0240 science fairs and sports, and the excitement that state-ofthe-art computing can bring to students and teachers. Each team is composed of 1-5 students, their sponsoring teacher, and a science coach from academia or a research laboratory.
The team defines ancl works on a single computational project of their own choosing.
The Challenge is open to all students on a nonselective basis. In the first year of the program, 235 studlents on 65 teams with 55 teachers at 40 schools participated. More than 50 coaches and 10 judges volunteered their scientific knowledge and their time to provide a rewarding experience for the teachers and students. Awards include scholarships and savings bonds for winning students and computing equipment for their schools. We hope to increase participation by seeking the support of organizations that promote awareness and academic involvement for these groups. More than 125 hours of computer time were used by participants during the academic year.
New Mexico Technet provides state-wide computer network access to these computers via 1-800 and local telephone lines.
q Ongoing Support Throughout the Challenge, a wide variety of support is provided-training and computer documentation, equipment loans, communications and computing troubleshooting and consulting, and scientific coaching. Students and teachers are brought together in October to receive two days of training to help them get started.
Training
At the October workshop, scientists talk about supercomputing and its application in different scientific fields. Computer consultants give a hands-on-workshop where participants log on to the computers through the communications network and use basic commands to compile and run a sample program.
Eqnipment: Because many schools do not have adequate equipment to access the network and supercomputers, terminals or workstations and modems are lent to those schcds.
In the 1990-91 Challenge, 72 pieees of hardware and 9 software packages were provided to 33 schools (82%'o of the participating schools). The coach is familiar with supercomputing and the scientific area of the project and helps the team design its project, suggests additional or alternate approaches to the topic, answers questions, and offers encouragement.
Point of Contact A point of contact at Los Alamos National Laboratory helps teachers identify problems and hurdles and seeks solutions to eliminate these hurdles. The contact talks with teachers, takes requests for equipment and documentation, and answers questions or finds someone who can give the answer.
Broad
Base of Community Support New Mexico Technet created a partnership of universities, national laboratories, and businesses together with public and private high schools throughout the state to sponsor the Challenge.
Implementation
The Challenge proceeds through six phases during the academic year, with continuous evaluation and feedback throughout.
Phase 1, Call for Participation:
The Challenge begins at the start of the academic year with a call for participation for teams to do computational science projects using high-performance computers. Teachers and students form teams and enter the Challenge by describing, in general terms, the scientific area and project they plan to work on.
Phase 2. Introductory
Workshop: A two-day workshop is held in the fall for all students and teachers, where they are introduced to computational science and learn basic computing on supercomputers.
Phase 3. Initial Work: After the initial workshop, students return to their schools to begin tackling their problem.
Many students must also learn a scientific programming language such as Fortran or C. With guidance from their technical coach and their teacher, the team members set up the problem and learn about what will be needed to solve it. At the end of this phase, students write a report of 200 words or less describing the team's project and their progress.
Phase 4. Computing
The computing phase of the project is the most exciting and frustrating to the students.
The ConsuIting Office at Los Alamos is in great demand at this time answering programming questions and examining problems.
Students, with the help of their technical coach, define an algorithm to solve their problem.
Then, they write a computer program to run on the supercomputer, or they may obtain an existing scientific application code and focus on simulation or data analysis. In the next year, these teams may further define their projects and submit them to the national competitions.
In addition, individual students submit reports describing their leadership, involvement, and accomplishments.
Phase 6. Judging and Awards: Leading scientific and computing experts drawn horn research laboratories and universities in the region are asked to participate as judges. They are selected before the beginning of the Challenge and are kept informed of the directions and support given to the teams. The judges visit the teams at the schools to talk with the students about the projects.
The projects are judged according to the following criteria Scientific content 30~oints Effectiveness of approach 30 points Creativity 30 points clarity 10~oints
Total 100 points
At the culmination of the competition, all teams attend a one-day awards ceremony and science tour in early May at Los Alamos where they get to see the computers they have been using. Each member of a team that completes the Challenge by submitting al report in Category 1 or 2 receives a scientific calculator for project completion.
Awards for Category 2 teams for the 1990-1991 competition included tirst-place awards of a $1,000 savings bond for each student on the team and computer equipment for the school; second-place awardls of a $500 savings bond for each student on the team and computer equipment for the school.
In [10] from Lawrence Livernmre National Laboratory; and the North Carolina competition [11] , are selective and serve the exceptional high school students.
Results
This project was undertaken with virtually no preplanning.
From the heginning, the idea intrigued everyone, and we decided to try it. We had tlhe scientific and computational resources, and the organizers had assembled people with administrative, educational, marketing, and technical expertise. We were aware of some of the other programs around the country and could draw on their experiences. We were surprised and pleased by the level of interest among teachers and students from throughout the state, and we were delighted that 80% of the original participants completed the Challenge.
The students and teachers profited from the program in many ways. Students' horizons were expanded, and science and technology have a greater place in their lives.
Teachers'
view of the role of computing in the classroom and science was widened.
Students came away with a new interest in science and computing as a career.
Many people consider the Challenge a success. The broad base of community support-including New Mexico Tcchnet, national laboratories, universities, computer vendors, businesses, and schools-were pleased with the program and its results. The judges were impressed with the quality of the projects and the creativity and resourcefulness shown by the participants. The participants gave the Challenge a vote of approval when all nongraduating students said they planned to take part again.
Additional observations include the following
The goals of promoting interest in science and computing and increasing students' knowledge in these areas can be achieved through this type of program.
Ongoing support is critical to identifying hurdles and addressing them rapidly. Teachers have little time to spend on troubleshooting and seeking solutions to problems.
Technical coaches are necessary to give direction to the projects and individualized support in science and computing.
A nonselective urogram is kev to achievinp broad participation lea&g-to broad b&efits. "
Unanticipated ResuIts
The high level of interest in the Challenge was totally unexpected-20% of New Mexico high schools participated in this first Challenge. Students and teachers have been very enthusiastic.
It is possible to put together a program such as this in a very short time. Solicitation and commitment of sponsors and resources was obtained in only a few weeks. The program was defined and structured in that same short time period.
Future Plans
We plan to offer the New Mexico High School Supercomputing Challenge as a yearly competition, and as students' and teachers' knowledge and experience grow, their projects will feed into the national competitions.
By continuing to obtain feedback and evaluate results, we will adapt and improve the program to meet the needs of the participants and encourage a high level of academic excellence.
While we were pleased with the level of participation of the historically underrepresented groups (257o women, 30% minorities), we intend to take specific action to inform representative organizations of the Challenge and to identify ways to encourage greater participation.
Additional training and understanding of scientific computing and the use of supercomputers in science must be t)rovided for teachers. Possible~ofessional development programs include a six-w&k summer institute in computational science and several regional one-day in-service workshops.
Summary
The New Mexico Supercomputing Challenge is presented as a link between the education communities and the science communities, both locally and nationally. It enhances the knowledge of high Schwl teachers and students in science and computing; it increases the understanding of education realities and opportunities by scientist and it taps the potential for community benefits offered by scientists and the energy and desire to learn of teachers and students.
The Challenge is an effective way of encouraging students to discover the excitement of science and computing.
The enthusiasm generated by academic success can provide the impetus to pursue a career in science and computing.
The Challenge may serve as a model that can be enhanced and adapted by other localities.
A nationwide scheme of local programs leading to the national level will increase the level of interest and the number of students participating in scientific and computing endeavors and foster higher levels of academic achievement, Without the influx of significant science and computing expertise and resources into high school educational communities, high school teachers cannot by themselves enhance science education.
The Challenge uses scientific and computational expertise existing in research laboratories and universities, in collaboration with education communities, to make a difference in high school science and mathematics education.
By combining science and computing with a high school activity of high visibility and excitement, students, parents, and teachers are attracted and will learn more about scientific computation and the multidisciplinary approach to scientific problems. Most of all, we thank the 40 coaches, 55 teachers, and 235 students, who devoted their time and energy to this effort, and the school administrators who had the foresight to support it. Without these people, there would have been no Challenge.
